Leukocytes play important roles in many pathophysiological conditions, such as atherosclerosis, thrombosis and myocardial infarction (1) . Because of their anatomical location, vascular endothelial cells are the only kind of cells exposed directly to various forms of oxidative stress in the bloodstream other than blood cells. Endothelial cell injury elicited by activated leukocytes is known to be the initial stage of various vascular disorders and is mainly due to active oxygen species released from activated leukocytes such as the superoxide anion, hydrogen peroxide and hydroxylradical (2, 3) . Other toxic products such as protease, cytokine and metabolites of arachidonic acid secreted from leukocytes are also related to the endothelial cell injury (4-6). Among them, leukocyte-derived proteases participate in the tissue damage.
The proteases mainly released from leukocytes are elastase and cathepsin G that belong to serine protease. Elastase and cathepsin G have been known to suppress thrombin-stimulated prostacyclin production in human umbilical vein endothelial cells (7) , and to stimulate the synthesis and release of platelet activating factor from endothelial cells (8) . Moreover, both elastase and cathepsin G are potent stimulators of platelet aggregation (9, 10) . These proteases released from leukocytes can easily produce intravascular thrombosis, suggesting that leukocyte is a thrombogenic factor (9-11). Furthermore, elastase and cathepsin G increase the production of active oxygen species released from leukocytes (12). Inauen et al. reported that cultured bovine microvascular endothelial cells exposed to anoxia reperfusion were partially injured by neutrophil elastase (13) . Rat lung injury after hindlimb ischemia was dependent on neutrophil adherence to pulmonary endothelium where elastase was involved in the lung injury in part (14) . Clinically, blood elastase activity of patients with myocardial infarction was significantly increased (15) , and elastolytic activity in lavage fluid from patients with adult respiratory distress syndrome increased as well (16), suggesting the involvement of elastase in the pulmonary edema. Although the involvement of elastase and cathepsin G in tissue damage elicited by leukocytes has been reported, the precise mechanism is still unclear. Herein, the synergistic effect of elastase and hydrogen peroxide on endothelial cell injury was suggested to be due to the production of the hydroxylradical in endothelial cells. We conclude that the induction of the active oxygen may be one of the mechanisms in the elastase-induced cytotoxicity. 
Isolation of human leukocytes
Venous blood from normal healthy donors was drawn into heparin-anticoagulated dextran sedimentation fluid (19) . After sedimentation and centrifugation on Lymphoprep (Nycomed AS, Oslo, Norway), the erythrocytes were hypotonically lysed. The final resuspension was in Hank's balanced salt solution (HBSS). For experiments, leukocytes were added to a monolayer of endothelial cells in the ratio of 10 to 1. Erythrosine B exclusion showed greater than 96% viability.
Cytotoxicity assay
Endothelial cell injury was assayed as reported previously (20) . Briefly, endothelial cells seeded into 24 well culture dishes were incubated with 51Cr-labeled sodium chromate (Amersham, Buckinghamshire, UK) for 18 hours. After the labeling, the endothelial cell monolayers were washed twice with HBSS and then treated with elastase and/or hydrogen peroxide in HBSS for 5 hours. 51Cr radioactivity released from the injured cells was measured with a gamma-scintillation spectrophotometer (Packard Auto-Gamma, Packard Instruments Co., Meriden, CT). The percentage of specific
The total count was taken as that for the well receiving 0.2% Triton-X-100 containing 0.1 N NaOH, and the spontaneous count for that with HBSS only. The experimental count means that for 51Cr release induced by elastase and/or hydrogen peroxide. Radical scavengers and protease inhibitors were added prior to elastase and hydrogen peroxide. Endothelial cell injury elicited by PMA-stimulated leukocytes was assayed by the same method (PMA : 10 ng/ml, leukocyte to endothelial cell ratio : 10 : 1). Leukocytes were added to confluent monolayers of cultured BCAECs prelabeled with 51Cr in the presence of various concentration of urinastatin and gabexate mesylate.
After stimulation with PMA for 5 hours, the cellular injury was determined as described under Materials and Methods. The data represent means+SE for 3 dishes and are expressed as percentage of control. % specific 51Cr release of control group containing no cytes on HUVEC injury. Not only pancreas-derived elastase (Fig. 4) , but also leukocyte-derived elastase aggravated the HUVEC injury induced by hydrogen peroxide. The synergistic effect of the combination of elastase and hydrogen peroxide on endothelial cell injury was similarly observed in all different kinds of endothelial cells tested that is, the synergistic effect was found in endothelial cells regardless of the species and origin of the vessels.
Next, we examined the effect of protease inhibitors and radical scavengers on the synergistic cytotoxicity induced by pancreas-derived elastase and hydrogen peroxide using BCAEC, which were injured the most severely. Urinastatin Endothelial cell monolayers derived from bovine carotid artery and coronary artery, and human umbilical vein were prelabeled with 51Cr and then were treated with elastase as well as a-1 antitrypsin and a-2 macroglobulin inhibited the synergistic effect on the injury induced by elastase and hydrogen peroxide (Figs. 6 and 7), gabexate mesylate had no effect (Fig. 6 , white column). Superoxide dismutase (SOD, 1,000 U/ml), that decomposes superoxide anion into hydrogen peroxide, did not suppress the synergistic effect (Fig. 7) . On the other hand, deferoxamine mesylate (1 mM), a chelating agent of Fe++, i.e., an inhibitor of hydroxylradical production, completely inhibited the injury, as shown in Fig. 7 . Deferoxamine mesylate protected against the BCAEC injury induced by elastase and hydrogen peroxide in a dosedependent manner (Fig. 8) , as did, pretreatment of endothelial cells with deferoxamine mesylate (1 mM) for 2 hours (Fig.  8 ). Cathepsin G (10 mg/ml) had a synergistic effect with hydrogen peroxide against BCAEC (% specific 51Cr release ; 
Discussion
Endothelial cell injury induced by activated leukocytes is mainly due to active oxygen species released from leukocytes (2, 3). However, activated leukocytes secrete various kinds of injurious substances such as protease, cytokines, metabolites of arachidonic acid and active oxygen species. To elucidate the role of proteases in endothelial cell injury induced by leukocytes, we examined the protective effect of protease inhibitors on BCAEC injury induced by PMAstimulated leukocytes (Fig. 1 ). Because the inhibitors had no effect on luminol-chemiluminescence induced by leukocytes, it may inhibit the protease activity derived from leukocytes, which caused the protection. Or proteases may accelerate endothelial cell injury synergistically with active oxygen species.
Kusner and King reported the priming effect of elastase on respiratory burst (12) . However, none of the protease inhibitors we tested affected luminolchemiluminescence, suggesting that proteases do not stimulate leukocytes, but modifies the endothelial cells by unknown factors. Next, we showed the synergistic effect of elastase and hydrogen peroxide on BCAEC injury. Hydrogen peroxide is an active oxygen species released from leukocytes, which is stable and is the key substance injuring endothelial cells (2) . Hydrogen peroxide below 50 gM did not induce cytotoxicity at all. However, in the presence of elastase, which alone was not cytotoxic, hydrogen peroxide caused BCAEC injury (Figs. 2-4 ). This action was inhibited by the protease inhibitors such as a-1 antitrypsin, a-2 macroglobulin and urinastatin (Figs. 6 and 7) . This action was due to protease activity of elastase.
On the other hand, catalase, that decomposes hydrogen peroxide to water, has an inhibitory effect (Fig. 7) . However, the extracellular superoxide anion was not related to the synergistic action, because SOD had no effect (Fig. 7) . The data showing that deferoxamine mesylate, a Fe++ chelator, inhibited BCAEC injury induced by concomitant addition of elastase and hydrogen peroxide (Figs. 7 and 8 ) suggest that hydrogen peroxide is converted to the hydroxylradical in the presence of Fe++ in endothelial cells, and the newly produced hydroxylradical causes endothelial cell injury. In endothelial cells, exogenously added hydrogen peroxide can is converted to the hydroxylradical through the action of Fe++, and the radical triggers and propagates the lipid peroxidation chain reaction, followed by endothelial cell injury. BCAECs are resistant to the oxidative stress such as hydrogen peroxide, because catalase and glutathione peroxidase are rich in the endothelial cells. Elastase did not influence either catalase or glutathione peroxidase activities (data not shown). Rodel et al. reported that elastase activated xanthine oxidase activity in endothelial cells, thereby causing an increase in vascular permeability (21) . Xanthine oxidase produces a superoxide anion in the reaction from xanthine to uric acid. The superoxide anion generated in endothelial cells may not only reduce Fe+++ to Fe++ (22) , but also produce hydrogen peroxide, a direct precursor of the hydroxylradical. The modulation of xanthine oxidase activity is still unclear. Conversion of xanthine dehydrogenase (XD) to xanthine oxidase (XO) is an important phenomenon in endothelial cell injury induced by PMA-stimulated leukocytes (23) . We also showed that elastase did not induce this conversion (24) . In addition, urinastatin, a protease inhibitor, had no effect on the conversion of XD to XO in endothelial cells exposed to PMA-stimulated leukocytes (24) . Elastase did not alter total XO activity or XD-XO conversion (24) . Using a DCFDA, fluorescent probe, we showed that elastase caused an increase in the intracellular fluorescence intensity in endothelial cells (data not shown). Therefore, we speculate that elastase stimulates a certain generator of superoxide anion or increase in sensitivity against lipid peroxidation. Recently, NAD (P) H oxidase has been reported to be major generator of superoxide anion in coronary endothelial cells (25) . Regulation of this enzyme is still unknown.
Moreover, the effect of elastase on NAD (P) H oxidase has not been reported. Further, studies on synergistic effect of elastase and hydrogen peroxide are in progress in our laboratory.
